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ABSTRACT

THIS REPORT COVERS WORK PERFORMED IN CONNECTION WITH

PHASE TT AS DEFINED IN PART I - PURPOSE.

THE END OF THE PERIOD COVERED APPROXIMATELY COINCIDES
WITH THE COMPLETION OF THIS PHASE, MAKING THIS REPORT
IN EFFECT A COMPLE TION REPORT )F PHASE-IT.

PART7, SECTION 3 - DETAIL FACTUAL DATA HAS BEEN SUB_
DIVIDED INTO ELEVEN SEPARATE INVESTIGATIONS, EACH
COVERING A SPECIFIC CHARACTERISTIC OF THE MATERIALS FOR
WHICH DATA WAS REQUIRED IN ORDER TO ACCOMPLISH PHASE II-I.

THE VARIOUS INVESTIGATIONS ARE LISTED IN PART T, SECTION 3,
(PAGE 6 OF THIS REPORT). THE HETHODS AND RESULTS OF THESE
INVESTIGATIONS ARE DESCRIBED AND SHOWN IN SUBSEQUENT PAGES
IN THAT SECTION.

PHOTOGRAPHS OF THE EQUIPMENT USED ARE INCLUDED AS APPENDIX
', I B" I
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PART I
SECTION I

PURPOSE

THE AIMS AND PURPOSES OF THIS WORK ARE AS FOLLOWS:

PHASE I. TO COLLECT AND ANALYZE EXISTING INFORMATION REGARDING THE
PROPERTIES OF FLUOROCARBON GASES AND/OR LIQUIDS AND/OR
OTHER RECENTLY DEVELOPED APPLICABLE GASES AND OTHER INORGANIC

MATERIALS, PARTICULARLY AS TO THEIR USAGE IN MAGNETIC PARTS

AT ELEVATED TEMPERATURES IN PRESSURIZED CONTAINERS.

PHASE 1i. TO INVESTIGATE AND TEST THE GASES AND/OR LIQUIDS AND OTHER
MATERIALS APPEARING TO OFFER -THE GREATEST PROMISE AS DETERMINED
BY EVALUATION OF THE DATA OBTAINED IN PHASE It INCLUDING THEIR
COMPATIBILITY WITH ONE ANOTHER AND WITH OTHER MATERIALS USED IN
MANUFACTURE OF MAGNETIC PARTS.

PHASETTT. DESIGN, CONSTRUCT AND SUBMIT TO BUREAU OF SHIPS SIX SAMPLES OF
EACH OF FIVE TYPES OF MAGNETIC PARTS, USING THE -MATERIALS
SELECTED AS RESULT OF PHASES T & 11.

'PH1ASE W, (TO BE UNDERTAKEN ONLY AFTER APPROVAL BY BUREAU OF SHIPS OF THE
WORK OF PHASE I,1I, & 11a)1 PRODUCTION, USING PRODUCTION TECHNIQUES

, OF TWELVE UNITS OF EACH OF THE FINAL DESIGN.
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PART

SECTION 2 Smt1.OF 2

'G GE -EAL FACTUAL DATA

1. 6ETIFICATION OF TF CHNICIANS -

,SEE APPENDIK X TABLE I

K ~~2, AET
I. SSUED - NO. 2, 447p489 - "LEAD IN BUSH ING"

.R. U. CLARK - ASSIGNED TO RAYTHEON MFG. CO.

"DIRECTLY COOL.ED ELECTRO MAGNETIC COMPONENTS"
ROBERT 6i HAAGENS & LEONARD KATZ

c.BEING PREPARED -

"TEFLON MOULDED COILS FOR 'TRANSFORMERS"

"MIIMIIN t~ESV CAAIAC ' PULSE- tRANSfROFMERS't

'a, "GSE OU~C S(:I8$IOA N F R I-a VOLTAGE TRA,4SFORMERS" CAMILLI, GORPON &PLUMP- .

b. RGASOUS 14ULATION FRHG OTG PAAU-'-AILI&CAMN
.A.1. E.,E. TRANSACTIONS VOL. 56. 1947

o."EFFECT OF HIGH VOLTAGE ELE1CTRICAL DIS5CHARGESON SUFAHE)AFLU9p"
SCHUIAB, TRUMP & PRIEST. INDUSTRIAL & EN(?IINURING CHfiEMI$TRY VOL_, 41,

*JULY 1949

d, "THE DIELECTRIC S-tkENGTH OF GASEOUS FLUOROCAROONVI WIL.SON, SNO~&8IE

0."FLUOROCARBONS" - A BROCHURE PUgLISHED BY' MINNESOTA MiI NG AND MANUFACTURILNrX
COMPANY.

"ELECTRICAL PROPERTIES ,INERT LIQUIDS" A BROCHURE PUBL'tSHED 'BY I41NNESO01A

* 4 . ' UINfING AND MANUFACTURING COMPANY.

g~"SOME FLUORItNATED LIQVIO DIELECTRICS"'-N.M,-1AVIARA A.EE TECHICA fAER,

D-3- 35 WINTER GENERAiL MEETrING JANJ$AgY. 19!i.,

h. 'SOME FLVOROCHEMICALS FOR ELCAt P ,C 0$(j 4AWR

L~(WASHINGTON, D.C.) MAY 1952Z1

0- 11 'StLFER HEXAFLUORIDE"l - A BROCHURE PUBLISIHaD BY GENERAL CHEMI1CAL V,

ALLIED CHEMICAL AND DYE CORP.
I. PROPI TI86 OF K8L- F OIL$,, GREASES AND WAXES" KEL-F TE Ho(ICAA OULMEIN

#5- 1-52. THE M. W. KELLOGG CO..
-k., "LEAK bETECMR, TYPE H"11 A I3ULLETI-N OF GENERAL ELECTRICrCO.



GENERAL FACTUAL DATA (CONTINUED)
S14EET 2 OF 2

BIBLIOGRAPHY (CONTINUED)

I, "ELEGAS (SF6i) GASEOUS ELECTRICAL INSULATION" B.M. HOCHBURG ELEKTRICHESTVO

(1947) NO* 3

ri. "RESEARCH PROGRESS IN DIELECTRICS - 1952" ALEX JAVITZ-ELECTRICAL MANUFACTURING
FOR DEC. 1952.

n. "TEMPERATURE PREDICTION IN ELECTRONIC DESIGN" P. F. SELGRI..1 AND B. K. HAWKES.
ELECTRICAL MANUFACTURING FOR OCT. 1952.

o. "FLUOROCARBON RESINS APPRAISED" ALEX. JAVITZ-ELECTRICAL MANUFACTURING FOR~AUG. & SEPT. 1950.
p. "HIGH OPERATING TEMPERATURE TRANSFORMERS" FINAL REPORT-CONTRACT W-33-038-ac-

13939. AIR MATERIAL COMMAND, WRIGHT-PATTERSON AIR FORCE BASE.

q. "DESIGN & DEVELOPMENT OF MINIATURE HERMETICALLY SEALED POWER TRANSFORMERS"
FINAL REPORT ARF PROJECT NO. 90-686E CONTRACT -36-039-sc-38221

r. "FLL'OROLUBES" (BOOKLET #30)
HOOKER ELECTROCHEMICAL CO.

s. "PERFLUOROCARBONS" A BROCHURE PUBLISHED BY E. I. duPONT de' NEMOURS CO.

t. "SULFUR HEXAFLUORIDE - PROPERTIES AND METHOD OF HANDLI"- PENNSYLVANIA
SALT MFG. CO.

u. "HALOCARBON OILS, WAXES & GREASES" HALOCARBON PRODUCTS CORP.

v. "ELECTRICAL PROPERTIES OF CERTAIN FLUORINATED HYDROCARBONS" NAVY RESEARCH
LAB. REPORT #3836

w. "COOLING OF AIRBORNE ELECTRONIC EQUIPMENT, VOL. I & VOL. 2. SECOND
CONFERENCE AT OHIO STATE UNIVERSITY, JUNE 23 & 24, 1953.

X. "PREPARATION, PROPERTIES & TECHNOLOGY OF FLUORINE AND ORGANIC FLUORIDE

DERIVATIVES" BY SLESSER & SCHRAM MCGRAW-HILL

y. "LIQUID DIELECTRICS" GEMANT JOHN WILEY
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DETAIL FA0TJAL D TA

IN TRODC TION

The data precented in the following pages is divided into twelve separate
topios* Graphs tables and pictures are used to illustrate and amplify the written
material*

This quarterly report period fortunately coincides with the conclusion of
Phase II activity in the project. It is thus possible to present completed work
in all of the topics covered whereas some previous quarterly reports were. in
effects, progress reports*

Tro main objectives in Phase 11 are:

A0  The seleotion of the most generally suitablo fluoroohemioal liquids aud
gases.

Bo 2he obtaining of data establishing the particular design parameters in--
troduoed by the use of fluoroohemical dielectrics with an eye to both
advantages and limitations.

The work undertaken and reported below was in rallfilment of the above obic:-
tiveso The topics are listed as follows:

A0 Power Factor and Dielectriz Constant Data Accumulated.

Bo Results of Thermal Stabili.y on Fluorochemical Liquids.,

C Corona Level and Breakdown Strength of Gaseous Fluoroohemicals.

D9 Purification of Fluoroohemioal Liquidso

E Compatibility Testing of Comuonly Used High Tperature Transformer
Construction Matrials with Fluoroohemical Liquids*

r Fo Selection of Most Suitable Liquid for Power Transformers on the Basis
of Pressure Charaoteristicso

Go Selection of Proper Liquid 4'or a Given Set of Operating Conditionno

4 Ho Use of Sulphur Hexafluoride at Reduced Pressures in the Expansion Space
of Fluorochemical Filled .'fansformerso

Io Thermal Runs with Resistor Heat Source0

Jo Physical and Eleotrical Che.raoteristios of Selected Fluoroohtoalso

Ks Plasticized Teflon as a Tbrminal Material .

Graphs and tables will be shom in the text, photographs in appendix B.

Following the detailed presentsition of the twelve topices a summary and ool'
eluslon will be presented based on the Phase II objectives stated aboves

--6
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PART I

Section 3 (Cont'd)

* DETAIL FACTUAL DATA

INVESTIGATION A

DIELECTRIC CONSTANT AND POWER FACTOR TMASTJEEME3TS ON FLUORO-
CHEMICAL LIQUIDS AT ROOM TEL.PERATUREO

Subject measurementa were taken on a General Radio 718-0 Schering
and associated equilment (osoillator, 6plifierq indicator oto) Readings

:_.z 'aken at frequencies oZ 50,,-a 100~ 400,, 1 KC, 10 KC and 100 KC,

In orddr to minimize inacouraoien inherent in the direct reading
, all measurements wera takcn using the substitution methodo The step-by.

. )-, ocedura was as folovws

. ie bridge was set up as desoribed on page fotw of the operating instructions.
A Tariablo air oapacitor (5O:/,'%- I000 q4) waz3 used as an external balancing

jpacitor o

3, . bridge was energized and balanced with the unknown leada removed. In this
,riginal balance, the balancing capacity was oot at such a value as to make a
."h:,).noc oacur with approx iuely. 20OO ,e1q.' on the internal bridge capacitor.
",ii bridge capacitor reading was recorded as Co.

•3, ;I'ort leads wore added to the bridge, The low letd was connected to one set of
'lats of a Cardwell air-oapaoitero The high lead was allowed to rest in the
,proximatwe position of use, but no connection was made to the other set of air
Ma.pacitor pl.ates. The bridge *aa rebalanoed by adjustment of the internal bridge
oapacitor and dissipation dial, This bridge capacitor reading was denoted as
B(, Then CO - OB equals lead capacity

* 4 ''ho high lead (ungrounded) wa. then oonnected to the air oapaoitor plates and

."h, bridge rebalanced. The "bdidge capacity was denoted as Cf Then CB - CL CF
oquala 0A9 where CA equals oapacity of air oapacojt o The bridge dissipationdial reading was recorded as DB,

5o Step four was repeated with sample material as dieleotrioo Ox was obtained. Dis
* !ipation dial reading was recorded as Df,

60 X equals

70 Dx equals & (DDB)

*-..-is a multiplier factor where f equals test frequency and fo equals
i'" "0

bridge multiplier settingo

go w
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.. , block diagram of the tefit oircuit is shown on PDP-49 (p 9 )

b Tao tabulated results are shown on FDP-I (p 10)

STho equipment used in illustrated in DP-1O (oppendix B)
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PART I
SECTION 3 (Contf'd)

DETAIL FACTUAL DATA (Contud)

INVESTIGATION B

RESULTS OF TmERmAL STAB.ILI2 TESTS ON FLUOROCHEMICAL LIQUIDS

METHOD OF TEST

All samples were purified rith fullergs earth and tested for insulation

resistance in the standard 100 ro cello

Low volatility materials_ boiling at 2300 0o and higher, were heated in

glass stoppered bottles in a constant temperature oil bath, one week at 121%

and one month at 15000o

The more volatile liquids, bopa up to 2050 C. were swaled in Pyrex bonb

tubes, enoased in copper oylinde.ra, and heated one month in the oven at 117cG

Results are tabulated on FP=51 (Pl2)o

FDP,1'6 Illustrates Equipment used for zvon-volatile liquids (appendix B.)

PDP-16 Illustrates equipment used for volatile liquids (appendix B.)

Ir'

7K"



Ins, Reo (Mep.) Inca Res* (Meg$*)
B, P, after After Heat Color & Odor

Liquid dog Cc af- oter BH&a1 Tost

Fluoreirbe 8 200,000 6iv Straw ('00102
Dark ppto
Sour Odor

Kai. P-0 330 11,09000 2009,000 Near4y VBh~to

Good Odo"

Halocarbon 11-14 2w ~ 1eo 000 7,000 Mediumn Slx'i:-
Much Dar.,: pt
Odor lik ,U'

F'1uorolube 18 235 60s,000 40.,000 Almnost ITAts)

Kel F-3 230 20,9000 60S'o0o Light 2*-t,- ,m

Odor Gco;'-

Kol Pc.C 205 909,0O0 40ow Water VTA'Ic

N-4) 177 5009OC-0 S000

!CL=329 1w-2I5 150,000 160,000t f

Kal F'B 135 50 9000 79000 t

0=-75 102 5C09O00 50,000

FOX6327 102 500P000 1209000t

NX3676 5C0,000 Not.Teatod

Dichlorootofluorbutatfl 65 V,0

0-73 56 5C00 I 1



V

COUMTS:

IX-3 is tho most stable of all compounds tested*

Although FOX=327 and 329 showed on apparent ability in sealed

tubes better than 0,-7.5 the inoreasod cost does not appear Justified end

the latter is still recommended for phae III worko We now have au im-

proved grade of 0-75 on which thermal tests will be continued0

Kel F-lO is the most ete3kle of the ohlorofluoro materials° How-

ever. no outstanding cooling power may be expected of this liquid, sinoe

it is of the nonavolatile type, rosembling ailicone in viscoaityo

I 3
I
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PART I

Seotion S (Conilc.)

Investigation 0

Corona Level and Breakdown Strength of Gaseous Fluorochemioalme

VI The following is a resjume of the findings of the fluorochemioal Projeot-
{] o ' oAsignent.

AoiCorona and Ho V. Breakdoim Tests have been made of the following gases:

60' Ootofluoropropane - Sj

illu trated in FDP-9 'appendix P)

The resultant curves FDP=8 which follovi s (p-16) shrms that al-A throe fluor-
g ; ases that we tested behave better than nit-rogen as far as corona 'or breakdown

.FIA c.ncarned, while Sulphur Hexafluoride is au-per:L~or to the other gasenso

It was proven that when the gap Is ro'bftivoly sma'11F oorona nearly coincides

x {1h breakdown, but if a sufficiently wide gap is used, the breekdown is appreciably
:i.br than coronao

With our existing corona Tester the mT.aimum reliable corona free supply
o V,.go is 10 KV RMS which limits the eleoti!odo spading to about .050o While

".,,v ig fluorinated gases at high pressures, under this oondition, breakdown arid
o , a occur almost simultaneously at the medium and low pres nefo.

The pressurized spark gap chamber breaks down externally slightly above
X RMS9 ihich limits the electrode spacing to about .100%, Wile testing fluorinated
, at high pressures, with this gap, corona occurs well abova the 10 K, limitatione

The report "DIELECTRIC STREWTH" of Gaseous Fluoroocrbons" by ilson-Simons-
-rio point out that gaseous Fluorocarbons have a breakdown potential equal or

fl C;n'B'! or than fluofo-organio gases and prove it by graphso

Their Nitrqgen curve follown the st,me ourva as ours, but their SF6 curve
rho:v' breakdown at slightly lower voltages,

The report "Gaseous Insulation for HOV. Transformers" by Oarmilli-Gordonp
-.i* 'i =pr and also the report "Gaseous Insulation for H.V. Apparatus" by Camilli-

.Cha .,m displxy curves of several gases with gaps varying from 1/2" to 3", which
i I ater proper analysis and approximations, compare favorably with our curvese

S14
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(Cont' d)

INVESTIGATION ' D

PURIFICATION OF LUOROCH3IICAL LIQUIDS

Fourteen samples o? fluoroohemical liquida have been, purified and tooted
.'r dielectrio oheraot ristios.

The zthod of pri:ying iwas as follows. 2.e sample vvaii shaken four minutes
v:i.th 5% caustic 3odu solution at 50-60 dego For, and allowed to settle in a cep-
triatory fannolo The fMiorochemiacl liquid was drawn off and passed through 10
.xoha of fuller's earth, (16-30 mesh, pro-dried at 300 dego Fo) In a ohromato
{'aphio column of pyrox elaeso 3/4 in. in. diamoter, at a t.aperaturmo of 8090
, 0o. e69 oept for the low boiling liquido, which were run throgh juat below
,ho boiirgi point. Vacuum wak used where necgsa. for the more 1isoous mat-
,:1.ala. The Pullewrs earth treatment vas repr ed until maxium resicanoe
,.,dings were obtainedo Ordinarily three pasows through tha column were suffi-
1:cnto he fuller's earth and all accessory glassware was dried Immediately, fora ueeo This apparatus is - lustratad in ,TD.II, - (appendix B*)

Insulation resisto-nee and power factor wore measured in a cell which oon-
;'..'bod of a Cardwell type JD400=cs fixed air, oondensers IGO mmfo nominal cap-
0.ty (110 mmfo actual) with plates spaced olle-5; in A cell o. this type fits
Wi ly in a 400 oc Griffin beakero The Gen.e- I Radio 5W[B megohm bridge we

%aod for insulation resistance meamirement en' , the Leeda and Northrup Sohering
ge for pufwer factor in conjunction with a I Ko ocoillatoro amplifier, aud

\ ,-gual null dete-o .o Dieleotr:io constants vzrre also meacuredq but showed no
dnlficant change on purificationa This equfjLment is illustrated in FDP-1l

v ppendix B)

I Resulte aro tabulated oil PDP-52 = (P-18.)

1i.
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Obovationo; maaa duri jthe couree of treatment.,

1. Two of the liquids bal etched the Inside of the irlass containere.

:ihl-oent to us. The etching Iq believed to be fte to traces of free )iydvofL~iric
Wkin the samplas0

2. Certain of the parfluoz'o liquide; irmprovad dilacially on standing
.,x(,asoi bottlez. 0-75 changed i~om 200,000 msgokvis to 50oQ0O -ntwo ntn

301 327 tested 70,000 megit imcoaiataly aftor mlr'ifying, an&. ror one month the
~iyhad. increased. to 225,000 D8gu0 A possible explawition Is offered in

t,; it eaction of the gliass container with traces of free hydrfloria acid. preent
n 1.eliqid0 frmngan insolvhble silicefluoridia and of o tiv IV ramoving the

Sacid.

*3. The foregoing phs,,om-e;na niugst a tentative mthod. of 06bil:iziag
D liquids by the inclueion of silicious mtorial (glass, vil-.ca, fullerge earth,

, ) ithin tho transformer cane. Activated. alvmina haz aleady been propoved In
1. teratino ao a mount of removing dAegradatiop products resulting 'from aroing

!1( fillead circuit beakers sad' rowitchgear. 'ile writer has lound that Tuller~s
r:.c,;h w~erts r. pronounced otabilining (or, more precisely, continuous purlfying)
j1.).v4 on msiner'al oil kept at elevated terapoeottrev. A report on this cabject will

-lAacod In the fluorohemica1 fib.

The use of snall quantitico of uilicot-. oil it un.r corudderat(Aon as a

)~Aiaig ent, since it it known thpat fluort-jhemicale evtack th si3A4cofloa.
4,, Most of tho fluovocarbon liquidsr -produced littlo or no dioOtn

~2.~hknwith caustic soda. 9Us exceptiont vcre the DU:Pont lauvles FOX-3,6 tnd,
Th. -Muorinatad. methyl cyclcho~anza) and FPOX3~ (fluorinstod kerosleno).

*An attempt vas Dale i'a tha case of 70.1,':327 to remove subwanoq. eu~ug
]- ,iaoration by boiling for a -prolonged pa!riod, (16 houra) with 5,t cauttic iod
-L"Ilon. At the and. of this Vla, 6 dark brown nlklilne extract was obotailne4. On

~:~igthe fluoro liquid and again ishaking witb N&OH, additional coloreod extract
cbtained2 but t~io color waq iuch lighter than that obtain.,B on the orleinal

jj, pl am received., indicating tha-t a portion of the dicoloring agent 'had be~
-onovd& Thq stv~qple whicli had boon boiled with '901testd 500,000 mae at 43after

:nglo pas's through 4 inches of ftlaer~s earth.

The nmzaziramlvstivi~y attainable on the same samplo before boiling vith
I1~C~ was 70"000 megohms.

.4- ~:'-~--The dielectric constant before-ani. after NXOH treatment was the same. It
I,:~on~uddtherefore* that thp, bullk of the mterial was unchazged in the process.

~~'-&12' &g y mnajo)- change had occurred, the dielectric constant -would have been increav'ad
duo to the introduction of hyiroYl groups in the molecile by hydrolysis..

In connection with the a)oves $It is interepting to note that the percentage
o'? hycrolyrable, fluoride reported by Mi1naesota Minize, for their prodicts is exceed-
ingly small, in the order of .001%~ or lesso The 314 liquids gave no discoloration
tjith caustic soda. Oar tests would indicate that the per cant hydrolyzable florid.
in the WuXont samiples is high.



At the present point in the investigrA'on, the expected superiority o?
z . erfluorochemical over the chlorofloro com ,nmde is apparent. The 314 liquids

and 0-73 had initially low power factor, an. their resi*.tivity was easily
,:.reased to a high valuo by fuller~v earth- 'trMmento 0-75 did not require pi- 'i
_.zntiono The FXC liquids had higher power fact. )r as receveo3 but again Improve-
Ind. tras accomplished without difficulty¥ , The d. coloration on treatment with

'im1oic soda myay indicate the prosence of reactlws Impurities which chould be
?:,'nved° It i proposed to take this mattee up uith DuPont.

Some of the chlorofluro compounds roojxnded well to fuller s orth treat-,
,:i, but in goneral a more prolongod proceasin:: was requirod to achieve maximum
;:.,..,:ts. Wschocko on some samples have vhowu d ;erloration on standing at room
;,A jrature o

Toots are now under way to determine u,,:ability of the purified liqulds

*, -'Oct with metals commonly uvod in tranformo:. 0

... - 'i , 20

1.

!



IVESTIGATTON E

S jvn)atibility Testing of Commonly Used High Tomperature Transformer Construction
Materials with Fluoroohemical Liquidso

Tests to determtne the com-ptibility of fluorochemioal liquids pith materials
0C1.-oAQ y used in the meaufaoture o.' high tesiperature transformers were undertaken
u - cated in our previous repcrt, Three ooopor.,.ting vendors ran compatibility
•cv~) vxit* common high temperature transfor,er conutruction mmterials sealed in
cz-:p'uloc together with their specific fluoroch~mioL2s, and tested those for a oon.
ido'ble period of time at high temperatures0  A ,wost complete report was re-

oc.ivol from Mirmesota Mining and Manufacturing Coipany which indicated, in general
t ,( ',llowing charaoteriatics.

The volatile perfluoro 3M liquids showed, ir. general, 'i'ttle or no effect on
aoi:: ;xransforrner materials with the exception of rlicone rubbor. A oorosive ao
A ;i na high temperature solder is being studied in detail and this work nay be

o:: 'odto show a means of solvi.ng this problem,, Interim reports on WM second-ot .x-c compatibility testing with the further purified BM liquidu indicate that the

o,, ipn-"Vibility problem will be considerably rd.tigaW',cd as a result of the extra puril
?i: 't'3no

The semilvolatile ohlorofluoro Kel F-C liquid produced by the M. W. Wellogg
t %y as used showed a plasticizing effect on toflon The exent of the noted

o%.cs ; on all materials with Kel F-C exceeded that noticed wrbh the 3-M liquids.
T.o vuaual effec'ts were reported on solder. All noted a resultant gain in weight,

The light non-volatile ohlorofluoro oil, Fluorolube FS, used in the Hooker
i.., , 0Chemical Corrpany toots resulted in milder (..,ffeotB of the same type of

r atht4,c noted for Kel F-C.

? The throe classes of common transformer materials subjected to fluoroohemioal
eovxv:.ibility tests included teflonD silicone products and metals0  FDP-I3 which
roli.ois (P 23) shown a condensation of the Results of Compatibility Tostse

iescThe following are brief statements of materials and resulting action when im

vx soc in fluorochemioals.

Tho fluorochernical plasticized the teflon0 . A gain at high temperature and
"solling in size is noted0  This effect is not damaging to final end use.

" 21 ,
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;3:.Aeone )2roduoto

r.) Silicono rubber produot are demaged beyond the point of uoofulneas by a
solvont n.otion and degradeaion of ouroe

(,) ,ilicono varnishes aro les effected then silicone rubber. A plstioiiig
action appears to be the meohanismo

Attaok on exposed copper in noted with the ohlorofluoro oompounds.3 the
'.:Zluoro compounds shol? but cli.t effecot, Solder, &troublesome fgotor im oomm

,v.otion "Ath 51 liquids is n.,oC thOoted by the' otheas 0  Attack on iron was noted
:I. one tool on ohlorofluoro liqnids.

li 1:adial Atioirep'ard to silicone rubber

It is believed that Fow.a formule-io~na can be seleated to be more resist
t-..t then those tested. Thereo is ao silicone rubber problem in that teflon Can

,fsled ingboado

]~.diJ.Aotion wit rspect-k Silicone Reeinao

Some formulations a oin b. seleted to be more effsative in the preonoe
.luorochemi.olsl than those tested, A longer precure will benefit all silioors

'4no

Plating of copper o:uld solvo this roblem. It is believed that thoM-,W.,-Y iL-an 'tud -a-i evtal l iruvoa% the noted effe¢ct on high U2.m
, ";' .:?oture tioldero -.. . .....

Compatibility Tet Conclusions: Tho SM perfluoro liquids present Tewev
i, .atibilit problems and appear suitable for uot ith all oonstruction materialAD

::. -opt rubber.
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PART I

Section 3 (Cont 9d)

Investigation F

.; leo!bion of Most Suitable Fluorochemioal liquid for Power Transformeri on the
basis of Pressure Ch aoteristicso

A liiting faotor in the uso of volc':dle or semi,volatile fluorinated
lquldo in transformers is the pressure thatl vfMl develop ithin the cas* tuder
i-ji;mal and perhaps abnormal operating oonditionso For purposes of design,

oroofore0 it is neoeasary to know What presues may be expected using an particular

, 3.quid, at various ambiont tomperatures and a various wattagos %oss per unit surfaoe

t, ria of case. On this basis the liquid most suitable for a given application may be
:..6letedo

In order to provide this information, prosaure tests have been run on threv

the liquids which ar the present time seem 'ro offer greatest promise from the

i:andpoint of stability and non-oorrosive oharaoter 0  The folloving liquide were

" sted:

FCX.1332 PerfluoromDthyloyclohenan bop. 760

0-78 Perfluorodibutyloycloother bop. 10200
N-43 Perf luorodibutylamino b.p. 17706

The tests were oarried out as follow,3o The cqlindriccl vessel equipped vith

eossure gauge was approximetely half filled with liqutd, ealcd and placed in the

mvon until the pressure reached a constant value. The temperature was increased and

The unit allowed to attain equilibrium at the higher temperature. Two to three hours

-1:oe required for each temperature increment o: 1000o °uffieient points were ob.i

> ined in this mnner to plet curves of preoasure vio temperature for the three liquids,

"I. in FDP-2 which follows (P127). The oquip.nat is illustrated in FDP-17 (appendix Nh

The curves obtained ere approximately straight lines when plotted on semi.
%g paper and may be regarded as typical of fluoroehomical liquids within the same

iouz,.ge of volatilityo Other liquidi not tested may lx expected to exhibit similar
pressure - temperature relationships, vsarying only in the slope of the ourveo 

These

• -urvee differ from the true vapor-prescure ourve in that they are the resultfmt of

,t.' vapor pressure of the liquid and the gas ).-essure over te liquid which is in.
" l-uenced by the thermal expansion of the liquid and the temporature of the Saso

-* Themeasurements were made at a ratio of vol. gas/vol0 liquid approximately

cqual to 100%o An increase over thispgtio wiil affect the pressures to a minor

extente However, if the ratio be decreased, a sharp rise in pressure may result

at elevated ambient temperatures due to the hitch thermal expansion of the fluorochem.

:.oal 0  To show the effect of gas pressure inde..ndently of vapor pressurea FDIP-4

which follows (p-28), gauge pressure is plotted against ratio of gas to liquid at

poratures of 750 125 and. 17560. assuming a meen thermal expansion of 20% for the

liquid per 1000 temperature riseo Reference is to normal gauge pressure of 0 at 2700o

It is evident from the curves of FDP2 that a minimum of 70% gas space must be pro.

vided if the temperature of thd case reaches 12500o If volume of core and coil equals
-- ', volume of liquid this is equivalent to 26% of the' total volume of the oase. Higher

ratio# of gas to liquid are desirable not only for the purpose of minimizing pressure

24



I " aloe to obtain maximm cooling effeot by condense.tion of vapor.

By reference to the vapor - gas prea ure curves of FDP-3 which follows
'(091 it i possible to estimate internal presr:uro at any given watts loss at vart

am. u bient temperatures for any particular liquid. In order to do thiLo it is ne
".y to have a figure for heat oxohange betweon metal case and still air0  This

.'., may be termed the heat dissipation oeofficient'and is e:pressed in watts per
(rY.' ir degree Co temperature rise of case, or W/AtTdo Preliminary experiments
ylddd a tentative value of .001 W/om2/dog, Equitvalent to .0065 W/in /deg,

From the dissipation coefficient, the case temperature is readily oalou-

l. ;zd according to the equation:

lOOOVA -P, Ts

T. t.ing case temperature and Ta being ambient temperature.

H., found the oase temporaturo, pressure is obtained by reforente 'to the curies
o?. I, Pressure values for the three liquids, FOX-326, 0.74 and ,-43 are
P o.s-:;d asainat watts per oquoro centimeter area of case in Fig, II 2or abients
o. .*) 60 and 80eC0  These ourvoo show clearly the relationship between loss, case
a.,,. and pressure for the three liquidso A otudy of the curves will enable the

-,.rto narrow his choice of liquid to the onv which exhibits preosurea belowf' c.aired maximum, which at the present time ir, considered to be about -.5 ibiaq, in,

The usefulness of the curves of FDP-3 in design will be illustrated, talc
iu, .n an examplo the cylindrical case FD-8 whioh hao'been constructed for experimental
uVo. This case has a total' surface area of 77 sqo am, inoludin$ hoader and c.mpao
I..' o oao is half filled with li*uid, and'the inmersed transformer operated at 25
.a u loss, 'e energy to be dissipatod is .032 w atts/cm Referring to RDP-3 At is
scza that at an ambient of 8o, the FOX-326 liquid Trill exert a pressure of 43 lb0
por ,iq, in., the 0-75 23 lb0 and the N-43 6.6 lb. Either FC.X-326 or 0-76 way there.
for, be used under these conditione, the latter offering a greater margin of safety
The A.6 lbo pressure obtained with N-43 represents mostly gas presstre, therefore,
.th. vapor cooling effect with this liquid will be negligible under the conditions

'sipulatcd, the full dissipation surfaoe of the case will not be utilized, and the
0.'eficiency of cooling will be roduoed,"

The above example represents a more or less conventional act of coadit. enho
If tha transformer be 6perated at 50 watts loss without increasing the surface area of,,
the case, that ia, at j064 W/Cm, thd pressure, using 0-75, will be 64 lb. at 800 am-

:.biento In order to determine how much additional surface area in required to reduce
% the pressure to the 45 lb. limit, it is only neooessary to refer again to the graph,

which shows that 0-75 exerts a pressure of 45 lb at .058 W/nm, and 800 ambient, An
* ia% increase in area is, therefore, necessary to take care of the added load

1 - 25 -
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By mtanis of a sot of ourvas similar to those of FDP-2 and FDP-3, it is
LI, ,ble to doitraina with fair aouraoy just hs' degree of volatility, indicated by

!-:.) 1-ni point at atmospheric pr, ssure, is roquiral for safe performance under a given
.V; oondtionso The decizive paremreters aro naximum pressure, maximum hot spot

• )-K'.rf'tur an 5d ambiont temperaturo For purpous of illustration these may be
,k%,;' aa 45 Ib,,, 180 dogreus, tmd 80 degrees respaotively. I~t is necessary to

- , a izro for temperature differential between surface of case and hottest spoti

: " work usinij recistor heat source indicates that 200 is a reasonable differen-
. '. fluorochemic.l liquidTe i he case temperature is then 1600, temperatre

80case 8 W loe6/ cm2 a Q8 0 which establishes the surface area requirod.
itD3 is seen that the point corresponding to 1600 and 45 lb, is intexiae-

.,: .;., bstwobn the curvs for 0..5 anl N-43; an imaginary curve of the ideal liquid
m i" :)o drawn ms indicated by the dotted lines. 5uch a liquid would boil at approx-

:'~~y12500 at atmospheric pressurec,

The above example is intendad to be illustrative rather than oonclusive0, oasly, the choioc of liquidl v~ll depend on t he parameters chomon It is olear
r' : he volatility of tho liquitd used is restricted within a rather narrow. range,

M:ding to the conditions of oper,"iona 0-76 offers the closest approaoh to the
;, from th, volatility standpoint, and may bo mixed with N'-43 to obtain the pre
• 1ogree of volatility wanto:-, These two liquids are also among the best avail-

.. Yrom the .tandpoint of stability and compatibility.

In sunmnary, the folloing principles of design are important in working
" o lati is.?luorochemical liquid collants

i' "he peasura inside the unit , ay be controlled by selection of liquid
--!"psr volatility, and by vaxying the case surface area.

2, To obtsLn optimum cooling effot rressures under operating conditions
' f:...' exc i:d 265 1b. )er s%, in.

3,, Temporature of oase ic a fundeament .l quantity in working with vola-
•oolan%;o Yt is determined by ratio of watts loss to area of case and bj

-J,.xUn' tamueracurec,

4., In order to minimise pressure due to thermal expansion of liquid, the

*l : : of gas volume to liquid volume should be at leabt 709 at a case temperature of
r 'so end 200% or more at higher temperatureso

5,, For maximum eoonon" of sise, hottest spot should be in the Class H
S, at least 1800C, Temperature differential between hottest spot and case has

u'i-L as yet been accurately determinedo Preliminary tests point to a value not
. (-eding 2000,

"6 076 at present is considered suitable for dissipating losses up to
.061) W/cm2 case area. For high losses, mixtures of 0-75 and N-43 may be used.

28
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Part I eaot 3
(Cont d) "

XMESTIGATIOI - G

SELECTION OF PROPER LIQUID FOR A GIVEN SET OF OPERATING CONDITIONS

Ic otion Of Just The Riht Licuid For A Given Set Of Conditions.
1 um aa eeonomy, it i, de-rable that-the unit operate in the Class H

on , q at maiinam output and in maximum ambiento If the hottest spot temperature
,, &co;aken as 1800% and 200 differential assumed between case curface and hot apot9
,bMn the maximum oase temperature vill be 1600o The maximum pressure allowable
3 limited by manufsoturing considerations to 45 lb0 guageo Referring to FDP-29
:u imaginary curve may be drarm through the point 45 lbo and 1600, parellel to
: experimental curves obtainod, represented by the dotted line in the figureo

;Tu i, tho curve oorresponding to the ideal licaid under. the oconditions cited*
i a liquid may be prepared by mixing 2 volum,-s of N-43 with I volume 0-75o

The foregoing example is offered in an illustrative sense only, to show how
.1.I proper liquid may be seleoted for optimum oparation under a given set of oon-
. ionsc If less expansion sp:ace is provided , different pressure curves will be
n b-Oded .-f, instead of filling the unit and aealing under I atmosphere at
m temperature9 the unit is aualed with gas at loss than I atmosphere, pres-
s under operating conditions will be reduced and a more volatile liquid may
m.nployedo Me point o.f interest here is that from a set of curves like those

. . .DP-2 which preceaded (P27), the proper liquid may be selected or tailor-
rvio to suit speoial roquirome:atso

I'
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Part I soot 3
(C out' d)

11VESTIGATION - H

V, 0.6 SJLPHUR :aEMAPLUORIDE AT REDLIOED PRESSURE iN EXPANSION SPACE OF FLUORO-

CHEMICAL FILLED TRANSFORDERS

iv', e fDue to Expansion of !id and Heati of Gas
. Xf a TRpoY h-f-eis pFTIY v een b n a ratio gas vole/ liquid

, ', o0o For the ordinary transformer, this is equivalent to a gas space of about
, iid tha total volume of the oaseo Although this quantity of expansion space
zideraoly higher than that used in conventional transformers, the inherent

3',r.-: -teristiee of fluorinated liquLdu seem to demand higher thea uoual expansion
oL. In FD?-4 (F-28) ratio of gas vol./liiuid vol, is plotted against pressure

aue temperatures of 75, 125 and 1750. The pressure in the curves is due solely
I .,mal expension of the fluorooheicala Te :eoesasity for providing extra ex-

QrZ space is epparonto

.Sulhur Hexafl.uoride in C(xdbinntion with Fluoro Liquid
Mea. e f r0oMotoi iR ernl- - resure in units under operating conditions ia

JA -1,,ated in FDP-, vid~oh follaff& (P-32.) I:V instead of seasing the unit with
r-.1; i:. I atmospheve, a dieleotric gza euch as SF6 is introduced and the unit is

: off at" say" 1/2 atraoephai, e and room. temperature, then the final pressure
; non-oondansablo gas %rIil , reduoed by 0 at any case temperatureo FDC5
,,or prervires for uniti sealad at I at-mosphera, 1/2 and 1/3 atmosphereo Thoe-we otl,~at.a*- ed for a caso temperature of 27 ° Since sulphur hexafluoride

' r atwmosj,-e Is dielotrioa'nl.y cqjual to or, better than air at I atmosphere,
Sf *icial noni of reduoIng pressure under sovere operating conditions In avail-

,3': Vapor presure ourves of SF6 indioate thwt this gas should be effeotive at
" .'tL.res down %o 90 C o elow' this temperabuae solubility of the gas in the

c I bogino to exort somie influenae. This matter has not yet been fully inves-

ihe use of gaz at l over than atmospheric preomure in the apace over the liquid
S additional adrentagen in ela'tion to heat tbransfero If a unit be built ith

' ' surfaoe area rct the top to faoilitato condensation of vapor any air or gas
' ' 2,; in tVIe case t the time of sealing displaces a portion of the vapor during

0o. -"rction ani roducoe the effeotive vooling areao If the quaen;ity of gas at the time
t)e 1',Kit is e3aled be reduaed,, o' if the gas be virtually eliminated by sealing
u df,.V m.uouum,, then the entire upper surface of the case provides oondemaing area
fs lhe zapor, r-ad the effioency of heat disaipation is eh)uinocd

I
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PART I

0octionl 3 (0ont d)

IINVSTIGATION I

THEINL RUNS WITH RESISTOR EEAT SOURCE

The aubJeot of heat ;ransfor as a moans of determining design parameters
oW the final magnetic component was investigatred in the following manners Suit-

containers were developed to hold various fluoroohemical materialso FDP-12,
Iiiiandix B shonws a Transformer Container and Resistor Heat Sourceo Included in
'Aih container were calibrated Thermocoup ies for temperature measurement and a heat

':rating mechanism (o. controllable resistor) for use as standard heat source, FDP-39
!;X~ch folows (p. bb) illustrates resistor urranement. FDP-5O which follows '(p. 38)
-no.trates rosiator thermooouple arrangeament. Actual heat transmission curves were

!., i {'n on the !?luoroohimioals a-N d on other commonly used materials such as silicone
,:5d and transil oil. 3uorochemical meterials tested were limited to those which

1, Chemical Group indicated ai desirable ragerding thermal stability, available elso.
al purity and compatibility with transformer materials. Heat transfer constants

A." be approximated from this =xperimental data for use in the actual design of the
,'t:..etio oomponentso .

In the selection of tho resistor heat source for thermal measurement the
--A:;; ly oontrollable thermal output was a favorable factor to enable comparative
-z'atur- rise msuremont within the coataingr as influenced by the several

.-- wrohemical liquid mediuma0  It is exzpoted that this data from the resistor
."', e translaeod to approxintato the thermal loss (iron loss and copper loss) in•t-: i iformers. The effect of-he different ;eomatry and heat distribution between

• lii resistors and a transformer of equivalent thermal loss is being cufrontly in-

,Lgated in the same liquido to correlate the data,

The following ourvec were taken o? tho several liquids tabulated belows

FDP.46 Fill material Silicone Oil 100 oths. (P-37)
FDP,-46 - Fill material Eel P-lO 100 oths0  (P-38)
FDPM44 - Fill material Transil Oil 10 oths0  (P-39)
FDP-43 - Fill matdrial 3M N,-43 Fluorioohemioal Liquid (P-40)
FDP-6 - Fill material Kel FoB 3 otho0  (P-41)

In examining this data, one factoi7 tha; is easily noted that sets the
? T.oachemicalc in contrast to the more conventional fluids is the spread between
-.h(, several thermocouple readings observed with silicone oil and that observed
•'it--inon volatile Kel P-10 of the same'room temperature visoesityp See FDP-45 and 48
aml note a 5000 spread vs0 2000 spread, It con be inferred from this observation
;h t a fluorochemical-fillod transformer will exhibit less temperature differential
bet' een more adjacent points approximating 'tn average temperature with less emphasis
)a loss and reduction of the hot spot temperature0

The , :rvod temperature for 40 watts output for thermocouple #3 measuring
fuid temperature is 9100 for silicone oil vos 810C for Kel F-10 thus indicating
that heat is being delivered more effectively to the case exterior, The obnerva-
tionos in the above two paragraphs appear to be related to the more effective con.

ootive cooling offered by fluarochomicals. See FDP-46 and FDP-46.I1

....£ 2. _ 1;: , ,-



The influ ,ico of reduLced viuco;%ity in promoting convective cooling can
:cn in comparing the 'rsut shown. for 100 otlks. silicone oil, and 10 etk*'o
~i~ioil, soo 13'D?-44 and FDPAI3, when the &tvrage temperature of' all t'ormo-

ccil'pAos f'or transi2. oil at 40 watts output is 709(; and for silicone oil i, 85 00.

One of the uniqua feavtures of the flu(,rochemleal in thoa possibilityr for
~ I:Ikodt of l w viscosity cansistant with the requ5 reinents of a fluorochomical

~:otric in termo of flach and firo points., Whon, this low vis'cosity is ob-
1:~in tho fluorochemical liouid IS-43 *hose vSicoosity is 2.7 vths. the most

~:-Lble nitbustion arisqu wheae tho averago tempcrature is 710'C at 40 watts.
Sand ootapaxo PFDP-44_4,5&f6 0

The abovo rovalto hci'e b-)on inS lueno, ohly by convective cool~ing. The
jjo A iapo-.ii.ration required to boil volatile lquids offers a cooling e:?feot of

magnitudo if' oasce aurfao w.~ reas i~ro adoquate to effocel subsequent con- I
4i~r ic i, Jien the conlainer v.~ix equipped with o, copper cooling coil to add suffi-

n.a for condensatio~n furtlie'r runs wart) nadcj at unusually high leva I of' wattage
V:- re obserred temperwbure rice. This equipaiezit is illus trated in FDP.=120

:.i:B). The lquid ohosen isr Kcl1-F-B, a lo! viscosity Volatile fluoroohemioal
I t'~ toraperature rise is comparod to the provioucly Illustrated result obtained

7.071 volatile Ailicone Oil. See FDP_6 which kollows (p-1) Reference to -this
Shrv 12~~:46 watts were dissipated at a tomperature rise of 11500 whereas with

SJ ixne oil 8 watts dissipatioxi caused the same 1 5oC rise0
Mier- the volatile liquidia are considerad two new faotors enter the pic-

b -: c s, timitation paramoters in deo:ign, case area and pressure0, Case area must
- - xfriciant cooling by condontation to the ourrounding ambient and pressure

's :is limited to an extent praoti cal for conventional oasosg terminals and

'~34
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FUOROCHPEICAL GAS

Materal ..-- -.- - - .- - -- Sulfur Hlmfzuorlde

Fo-l- - -- - -. - - - - -. - - - 8 F 6Imanuftao uer .- ---- - - - -.- - - - --- Geeral Chumioal

Moleoular Wto ...... 146

Sublimation Tamp* .......... .63-8° C

• 101tin Point .. . . . . . . .. . . .. 8-

Critias. Tem, 45. 55 t'

I Critioal Prescure .......... .45 poseao

Rolativo Diselootrio Stregth
o ,Itrogen I1 - - - 203
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I•
INVESTIGATION

PLASTICIZED TEFLON AS A TERXIJAL MATERIAL

I
In as muopl as most designe uving fluoroohieoal dieloctrios w11 call for

, 0 gas and vapor pressure within the case, tht terminals used will ha'e the

aiiud reouirement of being leak-proof to that g.a pressure* The usefumoss of
• ous fo~'me of Teflon terminals Is well established in conventional Irmans-
,. :::or oases, It was thought that, if Teflon ,"e to be plastioiced, that bon-

* of,.x,'s of olastloity and reduction of permanenav aet characteristics might result
:' i terminl material of Teflon more suited i or use under the grat pressure
c:- vilitns oxietant in most applioctions of fl.eroohomioal dieleotriosn

A refarende in duPont literature to the p oticization of Teflon %me notedo
it i).i deoided to enter into a limited de-¢lepient of this process as .aplied to

tisee of Teflon as torminals and a oontraot ves drawn -with the Dixon Corpo
o- )Litol, Rol, fbrioators of Teflon, to aoocmplish this revult.

While the work of the Dixon Corp. io incorn;l.te some indications oT reslts
u.5,, ailable: They have demonotrated plaatioietion of Telf.on by (1) soaking

? hed objeots in a heavy viscobity hot fluorcoheioal oil and (2) by coagula-
o. of Teflon susponcoide in 1,ho pressure of dispersed fluoroohemical oils.

The affeat of true plasticizttion of Teflc. aseome to o cur by the coagli-
mi ethod w#ervam the eoakinZ method promotoe absorption azd colusion but not

',. more homogenvouo eftfeotv of a more genulno plastiizing aotiono

The t.on Corps will short.ly supply a detailed final. report Indicating the

t of plastioiza-ion noted and the ohangeo in'phyrical propirtie .:asulting.
J, will investigate the permananoy, of th. ticatment sand the effset of the light

£: v' 4,ochwools in leecbing the hoavier fluoroc emioals uaed as plaatiaizing

-,:' -,i-' i45

.,r < m



.I 'PART IU
SECTION 4

SUMTIARY AID CONCLUSICHS

4+ An a result of the work desoribed in detail in the foregoing see-
tions, certain fluoroohemioal compounds havc; been selected as being generally
mnist suitable for use as coolants and dielectric media in the four types of trans.
±2rere to be redesigned and built in Phase III of the investigation. The om-
pcnsnds selected arev

L 1. N-45 parfluorotributylamine B.P. 177
2: 0-75 perfluorodibutylether B3P. 102
S.. Kol F-16 non volatile
4. Sulphur hexafluoride gas

These have been soleoted on the basis of dielectric quality, ther-
;f:lL stability, suitable range ot? volatility and compatibility with transformer
i, ::irials of construction.

Our analysis of the problem togother with our studies of materials
h :,7:, suggested several techniques whereby tho vmdque propertieo of the fluoro-
oh ,-ioals may be employed to particular advantage in transformers of the various
'y-,,)s These may be enumerated as follows:

l Gas fill with sulphur hexbfluoride at two to three atmosphereso.
5,no method is applicable to high voltage designs, particularly at audio,, interme-i and radio freq'uencies, wrhere oapasitUM 'loseos are to be minimized. It is
au,; adaptable to designe whro large amounts o?: power are heamdled. To assist Ilk

dissipation of moderate quantities of heit, conducting tabs made of massive
f.u;por are suggestedo

2. Fill with low viscosity non,-volatile fluoroohemioal liquid (N-43)
c* improvement in rate of heat dissipation, reaalting in reduction of hottest spot
!4 -perature, is antioipated.

, Fill with volatile fluoroccrbon, such as 0-76. This technique
do,,ionds on the volatilization o the fluoroohemical for the transfer of heat from
c *+c and coil to the surface on the case. By providing additional radiating our-
:?PA:a area the quantity of heat dissipated can be increased and the hottest spot
t':, , *rature reduced. The adventages of method 2 (above) are inherent in this at.

4o Fill with volatile fluoroohomical, with extra radiating surface
fonalng an integral part of case. Displace air within the case by sulphur hexa.
fluoride at one-half atmospheric pressure. Thic method increases heat dissipation
by reducing gas pressure within the system. The sulphur hexafluoride provides ad-
eqate dielectric protection for terminals and other high voltage points not Is-
morsed in liquid at temperatures down to -50°0o

' .. 6. fill with volatile fluorochemical liquid and evacuate* This
method provides maximm heat dissipation by removing all gas from the systems
thereby preventing the dilution of vapor with non-condensable gas. Terminals and
all high voltage windings must be covered with liquid in order to be proteoted

' at low temperatures at which the vapor pressure of the liquid is low.

_ -The foregoing techniques are prominent among those which will be
employed In the design and construction of transformer models in the ensuing
Phase III of the contract.

; 46ri..++- __________- rw--- -



PART II

Seotion 1

PROGRAM FOR NEXT INTERVAL --
i , • I -

,uring the next interval we shall proceed with the work on Phase III as
o:Atined in Part 1, Section 1. Parpooo

An effort to apply the information obtained from the investigations re.
pz .-7ed in Part I Section 3, to specific transformer designs will be made.

The following methods of practical applioation of liquid dieleotrios will
li investigateds

o Use of the heat of vaporization roquired to volatilise fluorochemuoals
as-a means of dissipating heat (with provision of adequate condensing
aria).
A. Accomplishment by total immersion of coil and sores

Bo Accomplishment by partial imarsion of coil and cores

10 Wetting of coil by v wioking action of porous material trans-

r"itting fluid from a sum) of fluid to the ooilo
'0 Use of an open cup style 3heathiug to contain the volatile die.

lotrio liquid and direotion of returning condensate to main.
tain th) liquid level in the cup0

II,, The use of pellets in combination with a non-volatile fluoroohemical
* liquid as a means of heat removul,

III. Combination of a fluorochemical liquid with a fluorochemioal gas in
the expansion space used in liquid filled oases.

*he following methods of practical application of gaseous dielectrics will
a- -.,o be investigated:

.I Use of copper heat tabs from coil and/or core to case sides to obtain
removal of heat and retain the advantages of gas filling0

II0 Use of gas fill and pellets to combine advantages of gas fill with
removal of heat obtained with pellets*

--
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I7.

PROJECT PERFORMANCE AND.SCHEDUL-t IEET 2) -
I NDEX NO., NE-I1109 15

CONTP*YT I0. NO0ir-5323g - RPT pATcs J5AARCH J954
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LEGEND: - WORK PkRFORMED

F___ - SCHEDULE-OF PROJECTED OPERATION

PD - PRELIM.INARY- DESIGN .
FD - FINAL DESt4N 'O

4JD - MODEL TO BE OELIVEREID

r TEST

I TEM': ESTIMATED COMPLETION IN PERCENT OF TOTA L

EFFORT EXPECTED TO BE EXPENOEDI NOT'CHRON4OtOGICAL1

PHASE 10

PHASEITT - 100

PHASEflM - 2

PHASE TV - 0

NOTES AND REMARKS:

REPORT PREPARED 8y 'OL .I4 ,
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. APPERDIX

'A

TABLE I

IdU tifioation oC Tecmicianso

Nme Hreo Last Report Bra* This Report Total Hrs.

J. F. Ahearn 554.0 3208 6748
Donatilla Aucoin 35 5,9 9o2
C0 F. Bordeno.-a... 17,8 17,6
P TC Burns 35,2 Bo 4102F, MO, Cameron 9510 4000 13610

.F. J. Corey 200 6500 6600
0o JO Dijulis. 9401, 40306 497,6

LO' H. Gordon 1,1... lot
11 0 H Goyette 20. 5200
Stephon Hannon 505 16o0 19,5
Amne H1rrigan. 605 603
Joh' Ifidriok 20. 200
L. F. Kilhrn, Jr. 6010 114o0 1740O
W. A6 Lawrence 5.0 600
J, J, IMA 116 143,2 15500
U. B. IOvg 10.1 1001
R. P. MaoAndrews 25.5 40,0 65o5
Alan 4c5onald 4,5 4.5
L. Lo Maids, 54o 77 0 111 0
D. L. Mauter 4004 4.0 404H dwo Mc~aughlin 1600 ----- 16000

.R. So Q~uimby ... 200 200
W,. L, Rot,, Jr. 41206 1270 639o6

John Saheen Boo "00 52o0
Jo A. Sheehan 20o0 26,0 460
K. Jo Thomas 103,2 9800 2012
RO R. Urech so's 74o0 154,8
Go L, snMarter 42,0 20o0 62,0

: ! ;'
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BUSHIPS 3UARTERLY PROGRESS REPORT #1
BUSHIPS CONTRACT NObsr-63239

PERIOD I DECEMBER 1953 to 28 FEB 1 4

I'AGNETIC PARTS GASEOUS AND L I DD F I NG OF
RAYTHEON MFG. CO.

NO. OF COPIES

5 - CHIEF, BuSHIPS, NAVY DEPARTMENT
ATTENTION: CODE 817, WASHINGTON 25, D. C.

- DIRECTOR, NAVAL RESEARCH LABORATORY
WASHINGTON 25, D. C.

- DIRECTOR, NATIONAL BUREAU OF STANDARDS
WASHINGTON 25, D. C.

2 - COMMIAN DER
NEW YORK NAVAL SHIPYARD
MATERIAL LABORATORY (CODE 910
BROOKLYN I, NEW YORK

- U. S. NAVY ELECTRONICS LABORATORY
SAN DIEGO 52, CALIFORNIA
ATTENTION: COMPONENTS SECTION CODE 733

- MR. T. F. SAFFOLD, (CHAIRMAN OF THE SUBPANEL
FOR COILS, INDUCTORS AND TRANSFORMERS OF THE
RESEARCH AND DEVELOPMENT BOARD.)
c/o WESTINGHOUSE ELECTRIC CORP.

SHARON', PENNSYLVANIA

- MR. H. W. LORD, (MEMBER OF THE SUBPANEL FOR COILS,
INDUCTORS AND TRANSFORMERS OF THE RESEARCH AND
DEVELOPMENT 'OARD. )
c/o GENERAL ELECTRIC RESEARCH LABORATORY

THE KNOLLS, SCHENECTADY, NEW YORK

- MR. A. B. HAINES, (MEMBER OF THE SUBPANEL FOR COILS,
INDUCTORS AND TRANSFORMERS OF THE RESEARCH AND
DEVELOPMENT BOARD. I
c/o BELL TELEPHONE LABORATORIES
MURRAY HILL LABORATORY
MURRAY HILL, NEW JERSEY

- MR. H. W. McKEE, MAGNETICS DIVISION
U. S. NAVAL ORDNANCE LABORATORY
WHITE pAK, SILVER SPRINGS, MARYLAND

- MR. A. L.. BIRCH
C/o MINNESOTA MINING & MFG. CO.

ST. PAUL, MINN.

-f Y
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ENCLOSURE (I)

CONTINUED

NO. OF COPIES

I - MR. P. B. REX, BUREAU OF ORDNANCE

NAVY DEPARTMENT
WASHINGTON 25, D. C.

I - MR. HENRY R. THOMAN, BuAer

NAVY DEPARTMENT

WASHINGTON 25, D. C.

I MR. GENE TARRANTS, CCHPONENTS AND SYSTEMS LAB.

(WCLDC-5) WRIGHT AIR DEVELOPMENT CENTER

DAYTON, OHIO

I - MR. M. ROSSOFF

ARMED SERVICES ELECTRO STANDARDS AGENCY
FORT MONMOUTH, NEW JEPREY

MR. M. W. SIK*AS, (MEMBER CONSULTANTS GROUP FOR

THE COILS, INDUCTORS AND TRANSFORMERS SUBPANEL

OF THE RESEARCH AND DEVELOPMENT BOARD.)
c/o GENERAL ELECTRIC COMPANY

SPECIALTY TRANSFORMER DIVISION
FT. WAYNE, INDIANA

I MR. E. WILEP, COMPONENT PARTS

SCEL, FORT MONMOUTH, NEW JERSEY

I - MR. C. C. HORSTMAN, (MEMBER OF THE CONSULTANTS
GROUP FOR THE COILS, INDUCTORS AND TRANSFORMERS

SUBPANEL OF THE RESEARCH AND DEVELOPMENT BOARD. I
c/o WESTINGHOUSE ELECTRIC COMPANY
SHARON, PENNSYLVANIA

I - COMMANDING GENERAL

WRIGHT AIR DEVELOPMENT CENTER

WRIGHT-PATTERSON AIR FORCE BASE
OHIO
ATTENTION: WCACD

I - CHIEF, ENGINEERING AND TECHNICAL DIVISION

SIGGD, OFFICE OF THE CHIEF SIGNAL OFFICER
DEPARTMENT OF THE ARMY
WASHINGTON 25, D. f7.

NOTE:

THIS CONTRACT IS SUPERVISED BY CODE 817, BUREAU OF SHIPS, NAVY DEPARTMENT,

WASHINGTON 25, D. C. FOR FURTHER TECHNICAL INFORMATION CONTACT BuSHIPS, CODE

817, LIBERTY 5-6700 EXT. 61243 MR. HAROLD N. NORDENBERG, PARTS SECTION.
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